Introduction and Aims. Health behaviours, such as smoking and quitting, spread person-to-person through social networks. We explore how social networks are associated with making and sustaining quit attempts for at least 1 month among Aboriginal and Torres Strait Islander smokers. Design and Methods. We analysed data from the nationally representative quota sample of 759 Aboriginal and Torres Strait Islander adults who reported smoking at least weekly in Talking Results. At baseline, 41% of smokers reported that all of their five closest family or friends smoked, but 62% reported that family or friends had provided encouragement to quit. Fewer smokers with other adult smokers in their household at baseline made a quit attempt between surveys (OR 0.63, 95% CI 0.45-0.87). Fewer smokers who had made an attempt between surveys sustained abstinence for at least 1 month if all of their five closest friends smoked (OR 0.60, 95% CI 0.37-0.97). Perceived support to quit in your social network was associated with making and sustaining a quit attempt. Discussion and Conclusions. Exposure to smoking in the social networks of Aboriginal and Torres Strait Islander smokers is an obstacle to quitting, but there is also considerable support for quitting from within these same social networks. Health staff could consider encouraging smokers to draw on the few non-smokers within their social networks as role models to increase their confidence in quitting.
Introduction
Smoking was estimated to have caused 11.5% (6.4 million) of global deaths in 2015 [1] . Even in Australia, where adult daily smoking prevalence has now fallen below 13%, smoking accounted for 9.0% of the total burden of disease in 2011, more than any other risk factor [2] . Australian tobacco control efforts need to focus on population groups where smoking prevalence is still much higher: for example, the most socially disadvantaged, Aboriginal and Torres Strait Islander peoples, those in remote areas, with mental illnesses and those who have recently been incarcerated [3] . Successful cessation is lower among these smokers, even though they are just as likely to make quit attempts.
There is growing evidence that health behaviours, such as smoking and quitting, are 'contagious' and spread person-to-person through social networks [4] . Using 32 years of data from the Framingham Heart Study, Christakis and Fowler showed how smoking and quitting spread through a social network, with adult smokers quitting in clusters together and smokers becoming increasingly marginalised in the network [5] . The influence of social contacts on smoking extended to three degrees of separation (contacts' contacts' contacts), but the geographic proximity of contacts had no impact. Subjects were less likely to smoke if their spouses, siblings or nominated friends had just quit, but there was no significant impact from their immediate neighbours quitting. Longitudinal analyses enabled the authors to disentangle the influence of social contacts on smoking and quitting (induction) from smokers just choosing to be with people who have similar behaviours (homophily). Such studies of the flow of influence through social networks answer different questions to earlier research about the perceived quality of social support [6] .
Even though it cannot describe entire social networks, longitudinal survey research has been able to show that having fewer close friends who smoke at baseline predicts successful cessation at follow-up [7] [8] [9] . The baseline number of smoking friends has a longer impact on preventing relapse than other factors (dependence, quitting history, motivational attitudes, quit self-efficacy and medication use), but no impact very early in a quit attempt [9] . A reduction between baseline and follow-up in the number of smoking friends is also associated with quit attempts and success [7] . Similarly, smokers living with fewer householders who smoke at baseline were more likely to successfully quit, although this was no longer apparent after 13 years in the longest study [8, [10] [11] [12] [13] . However, these studies are based on whole population samples of smokers in high-income countries with low smoking prevalence, rather than on samples from groups or countries with high smoking prevalence.
Aboriginal and Torres Strait Islander daily smoking prevalence (aged 15 and over) is 39%, 2.8 times the prevalence in the non-Indigenous population [14] . Possible reasons for this higher smoking prevalence include socio-economic factors, stress and racism, the normalisation of smoking, limited tobacco control activity in the past and the entanglement of the histories of smoking and colonisation [15] . However, national Aboriginal and Torres Strait Islander smoking prevalence and initiation are falling and successful cessation is increasing [16] . A cross-sectional study of 204 Aboriginal and Torres Strait Islander people in the mainly urban Australian Capital Territory found evidence of some separate clustering of smokers and non-smokers within the social network, and that the proportion of householders who smoked (but not of five closest friends and family) was associated with being a smoker [17] .
The baseline cross-sectional analysis of the national sample of Aboriginal and Torres Strait Islander smokers in the Talking About The Smokes project found that perceived support and encouragement to quit from family and friends was associated with wanting to quit, both before and after controlling for other factors. But neither the number of friends and family who smoke nor whether the closest of these smokes (or has recently quit) was significantly associated with wanting to quit [18] . At follow-up a year later, the majority of smokers and ex-smokers agreed that the disapproval by their close friends and family of the participant's smoking was a reason for quitting or staying quit [19] .
The present paper extends those analyses by testing whether: (i) smoking in participants' social network was associated with smoking status at baseline; (ii) social disadvantage was associated with smoking in participants' social network and perceived social support for quitting at baseline; (iii) baseline (and changes in) smoking in participants' social network and perceived social support for quitting were associated with making a quit attempt and sustaining abstinence (for ≥1 month if made an attempt) between baseline and follow-up; and (iv) baseline smoking in participants' social network was associated with baseline and followup social norms about smoking (which has been suggested as a mechanism for social networks to reduce smoking) [5] and smoking quit self-efficacy (which has been shown to be associated with sustaining abstinence in this and other populations) [9, 19] .
Methods

Survey design and participants
The Talking Aboriginal and Torres Strait Islander people and Aboriginal Community Controlled Health Organisations have been involved in all stages of the project: design, data collection, analysis and research translation. This community participation facilitates translation into improved policy and practice, and supports self-determination [20] . These research methods have been reported in detail elsewhere [20, 21] . Briefly, the baseline sample was recruited from communities served by 34 Our baseline sample had similar characteristics to a larger national random multi-stage clustered household survey for age, gender, jurisdiction, remoteness, quit attempts and smoking intensity, but inconsistent differences for some socio-economic measures (unemployment, education and area-level disadvantage) [21] . There were few differences between the baseline socioeconomic characteristics of those daily and weekly smokers recontacted and lost to follow-up [23] . However, more of those recontacted than those lost to follow-up were from regional areas, the most disadvantaged areas and fewer were aged 18-24 years. Fewer of those recontacted had made a quit attempt in the past year but there was no difference in smoking intensity.
Predictor measures
At both baseline and follow-up, we assessed smoking in the social network by asking: 'Think about the five closest family, friends or people that you often spend time with, not including children under 18 years old. How many of these five people smoke?'. From which we created two dichotomous variables (all smoke and majority smoke) and a measure of whether the number of smokers had increased, decreased or not changed between the surveys. We also asked if the closest one of these five smoked, and if they quit in the past year, and if any of the adults living in your house smoke. We assessed social support for quitting by asking: 'Have family or friends provided support or encouragement to quit?'.
We used baseline socio-economic factors: age (18-24, 25-34, 35-44, 45-54, 55+ years), gender, remoteness (major city, inner or outer regional, remote or very remote), area-level disadvantage (SocioEconomic Indexes for Areas quintiles 1, quintiles 2-3, quintiles 4-5 based on postcodes and concordance tables for the 2011 Socio-economic Indexes for Areas Index for of Relative Socio-economic Disadvantage) [24] , employed or not, education (less than year 12, finished year 12 or post-school), housing tenure (owns or is purchasing home versus renters and others), language other than English at home and perceived racism ('In the last 12 months, how often have you felt you have been treated unfairly because you are Aboriginal and/or Torres Strait Islander?').
Main outcome measures: quit attempts and sustained abstinence for ≥1 month
We asked 'Have you tried to quit since we last talked with you?' Among those who had made a quit attempt, we asked 'are you still quit, or are you back smoking?' and 'of all the times that you tried to quit smoking since [date of baseline survey], what is the longest period you stayed completely off the smokes'. Among those who were currently quit, we asked 'how long ago did your current quit attempt start?' From these four questions we created two outcome measures: (i) made any quit attempt; and (ii) among those who did: sustained abstinence for 1 month or more. As in recent International Tobacco Control Project papers, we chose these measures because of growing evidence of different factors predicting starting a quit attempt and preventing relapse (i.e. sustaining abstinence) [25] . We chose the 1-month cut-point to get as close to sustained abstinence as possible [26, 27] .
Intermediate outcomes: social norms and quit self-efficacy
We assessed social norms to smoking by asking: do you agree (agree or strongly agree vs. disagree or strongly disagree, neither agree or disagree or do not know) that: 'mainstream society disapproves of smoking', 'Aboriginal and/or Torres Strait Islander community leaders where you live disapprove of smoking' and 'there are fewer and fewer places where you feel comfortable smoking'. We asked 'how easy or hard would it be for you to quit smoking/ stay off the smokes' (very hard vs. very easy, somewhat easy, neither easy or hard, a little bit hard or do not know) (i.e. quit self-efficacy). We did not use a variable with a third neutral/do not know category, as we preferred simpler analyses with these dichotomous outcome variables.
Time and policy exposure covariates
We derived a variable to control for variation in the number of months between the baseline and follow-up surveys (<11 months, ≥11 months & <12 months, ≥12 months and <14 months, ≥14 months). Other dichotomous covariates measured exposure to tobacco control policies and activities at follow-up: whether: (i) in the last 6 months, noticed advertising and information that talks about the dangers of smoking, or that encourages quitting; (ii) the follow-up survey was after the 12.5% tobacco tax rise on 1 December 2013; (iii) plain packaging was introduced or mandated between surveys; (iv) they reported being encouraged to quit smoking by a health worker, doctor, nurse or other health professional since the baseline survey (only for quit attempts outcome); and (v) they had used (for any reason) any type of nicotine replacement therapy or other stop-smoking medications since the baseline survey (only for sustained abstinence outcome).
Statistical analysis
All analyses were conducted with Stata 14. We used χ 2 tests to compare the baseline characteristics of our cohort to those lost to follow-up, and to compare the baseline measures of smoking in the social network of smokers, ex-smokers and never-smokers. We do not report the confidence intervals of these or other percentages, as it is not considered statistically appropriate to estimate sampling error in non-probablistic quota samples [28] .
We used logistic regression to assess associations between socio-economic factors and the baseline measures of smoking in the social network and social support, to assess associations between each social network and social support predictor measure (just controlling for the time interval between surveys and adjusted for the policy covariates) and the two main outcome measures, and to assess the association between each social network measure at baseline and the intermediate outcome measures (at baseline and at follow-up). Confidence intervals were adjusted for sampling design, using Stata's SVY commands to treat the 35 project sites as clusters, and P-values were based on adjusted Wald tests.
Analyses excluded refused and do not know responses, except for social norms and quit selfefficacy measures which included do not know responses in the combined negative and neutral category of the dichotomised variables. This excluded less than 2% of the data for all variables, except for followup measures of family/friends support to quit (3.1% missing) and closest one quit in past year (2.3%).
Results
Most smokers were exposed to smoking in their close social networks. At baseline, 41% of smokers reported that all of their five closest family or friends smoked, 79% reported the closest of these five smoked, and 58% reported other adults in their household smoked ( Table 1 ). The majority (62%) reported that family or friends had provided support or encouragement to quit. We did not detect a significant difference in these results between the cohort and those lost to follow-up. All measures of smoking in their social network were associated with smoking status. More smokers than exsmokers and never-smokers were exposed to smoking in their social network (Table 2) .
Almost all measures of social disadvantage were associated with having all five closest family or friends smoke (Table 2 ). In contrast, social advantage was associated with reporting that family or friends had provided support or encouragement to quit, except more smokers who reported racist treatment reported support to quit from family or friends (Table 3) .
Fewer smokers with other adult smokers in their household at baseline made a quit attempt between surveys (odds ratio [OR] 0.63, 95% confidence interval [CI] 0.45-0.87) ( Figure 1 and Table S1 , Supporting Information). Fewer smokers who had made an attempt between surveys sustained abstinence for at least 1 month if all of their five closest friends smoked (OR 0.60, 95% CI 0.37-0.97) (Figure 2 and Table S1 ). Other analyses of the association of baseline measures and changes in smoking in the social network with making or sustaining quit attempts were inconclusive.
More smokers who reported at baseline that family or friends had provided support or encouragement to quit did indeed make a quit attempt between surveys (OR 1.73, 95% CI 1.19-2.52). More smokers who reported at follow-up that family or friends had provided support or encouragement to quit between surveys both made a quit attempt (OR 3.68, 95% CI 2.34-5.79) and, among those who had made a quit attempt, sustained abstinence for at least a month (OR 2.06, 95% CI 1.19-3.55).
There were negligible changes to these associations and odds ratios after controlling for exposure to tobacco control policies and activities (Table S1 ).
More smokers who had the majority of their five closest family or friends smoke (OR 1.57, 95% CI 1.22-2.01) and whose closest smoked (OR 1.46, 95% CI 1.12-1.91) reported that it would be very hard to quit smoking at baseline (Table S2) . This cross-sectional association was not confirmed in the longitudinal analysis, with its much smaller sample size and power. All the analyses of the cross-sectional and longitudinal associations between the measures of smoking in the social network and the three measures of social norms about smoking were inconclusive (Tables S3-S5 ).
Discussion
As in other populations with lower smoking prevalence, we found evidence that exposure to more smokers in your close social network reduces quitting, with the corollary being that exposure to more nonsmokers increases quitting [7, 8, 11, 12] . Perceived support to quit in your social network was associated with quitting. The evidence that reducing exposure to smoking in your close social network increases quitting was inconclusive.
We found that fewer smokers who have more smoking in their close social network made and sustained quit attempts. Our four indicators of smoking in the social network (all and majority of five closest smoke, closest smokes, and other adults in household smoke) measure overlapping but at slightly different constructs. While only one of these four indicators was associated with each quitting outcome, there was a consistent non-significant association of the three other measures and sustaining quit attempts and a similar but less consistent pattern with making quit attempts. We did not find any evidence to support the hypothesis that social norms are a mechanism for this impact of social networks, as we found no significant association between more smoking in the close social network and these norms [5] . Instead we found evidence to support the hypothesis that smokers with more smoking in their close social network are less likely to quit because they think that quitting will be very hard. This reduced quit self-efficacy may be because they have less exposure to successful quitting and non-smokers or because they expect to be exposed to more cues to smoke due to the smokers in their network.
The findings about the impact of smokers in the household on quitting build on cross-sectional research in the Aboriginal and Torres Strait Islander population of the impact of the proportion of householders who smoke and of household smoking bans [17, 29, 30] . Many social marketing campaigns and community events run by regional Tackling Indigenous Smoking teams have had a strong focus on reducing smoking in homes [31] . While primarily to protect children from second-hand smoke, they may also be assisting smokers to quit by reducing exposure to smoking in their household.
The apparent association of more smoking in the close social network with fewer smokers sustaining quit attempts is particularly important as fewer Aboriginal and Torres Strait Islander than all Australian smokers are able to sustain abstinence, even though similar numbers report wanting to quit and having made a recent attempt [18, 32] . Recent research has suggested that the prolonged impact of smoking friends on abstinence after initially having little impact is because Table 3 . Cross-sectional association of socio-economic factors and smoking having all of five closest friends/family being smokers and family or friends support or encouragement to quit among all daily and weekly smokers at baseline (n = 1549) efforts at the start of a quit attempt to avoid smoking friends cannot be sustained [9] . Even though more smokers made and sustained a quit attempt if they reported a decrease in the number of their five closest friends who smoked or that their closest had quit in the past year, these associations were not statistically significant. However, our study had much less statistical power than a previous International Tobacco Control Four Country study which demonstrated significant associations [7] . Neither study is able to determine which came first-quitting or the reduction of smokers in the social network-and so causation.
However we are reluctant to suggest increased efforts to avoid exposure to smoking friends and family during quit attempts in this context, given the associations we found between perceived support from family and friends with starting and sustaining quit attempts. We cannot determine whether this support is coming from smoking as well as non-smoking friends and family.
Research in Aboriginal and other settings has suggested that while bonding social capital within close homogenous networks provides much support, it can also lead to negative outcomes, due to underlying economic disadvantage (or, in our example, underlying high smoking prevalence) [33] . In contrast, bridging social capital between heterogeneous groups has more potential for health improvement; analogous to links between the somewhat separate clusters of smokers and non-smokers. There may be more potential gain from drawing on links with the few known 61% (11) 50% (355) 50% (108) 51% (252) 54% (141) 48% (219) 46% (209) 58% (178) 51% (300) 53% (84) 50% (272) 55% (111) 48% (152) 54% ( non-smokers for support as roles models, than in withdrawing from smokers in social networks. Several literature reviews have not been able to find conclusive evidence of the effectiveness of peersupport, partner-support or family-based smoking cessation programs [34] [35] [36] [37] [38] . However, few studies were included from disadvantaged populations with high smoking prevalence, and none from Aboriginal and Torres Strait Islander populations, where such programs may be more effective [38] . Trials of smoking cessation using peer or family support among Aboriginal and Torres Strait Islander populations are warranted and would build on the perceived benefits of this approach found in qualitative research [39] .
We were able to confirm that in this population, as in other research, more smokers than non-smokers were exposed to more smoking in their close social network [5, 17] . However, unlike our longitudinal results this may be due to homophily rather than induction. Similarly, as in other settings, we found that social disadvantage was associated with more smoking in the social network and less perceived support to quit from your social network [40] .
The main strengths of the study are the nationally representative sample of the Aboriginal and Torres Strait Islander population, the longitudinal design and its examination of both making and sustaining quit attempts. However, as it does not describe a complete social network, it is not able to demonstrate the spread or contagiousness of smoking and quitting behaviours through the network. There may have been some bias to the null of the analyses of changes in exposure to 45% (5) 34% (114) 31% (32) 35% (83) 39% (51) 31% (64) 30% (56) 40% (65) 32% (87) 42% (32) 32% (79) 40% (40) 28% ( Social networks and quitting smokingsmoking in the social network. Participants may have thought about a different group of five people even if their close social network had not changed between surveys. We also cannot know whether a reduction in smoking in the close social network is due to smokers in that network quitting or being replaced by new members who do not smoke.
Conclusion
Exposure to smoking in the close social networks of Aboriginal and Torres Strait Islander smokers is an obstacle to quitting, as in other settings, but there is also considerable support for quitting from within these same close social networks. Health staff could consider working more with smokers to draw on the small number of non-smokers within their close or wider social networks as role models to increase their confidence in successfully quitting. Further research is warranted on the effectiveness of smoking cessation programs using peer and family support.
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